Influence of water-glass grade and quantity on residual strength of microwave-hardened moulding sands. Part 2 by M. Stachowicz et al.
 
ARCHIVES 
Of 
FOUNDRY ENGINEERING 
 
Published quarterly as the organ of the Foundry Commission of the Polish Academy of Sciences 
ISSN (1897-3310) 
Volume 11 
Issue 2/2011 
143–148 
 
28/2 
 
 
Influence of water-glass grade and quantity 
on residual strength of microwave-hardened 
moulding sands. Part 2 
 
M. Stachowicz, K. Granat*, D. Nowak
 
a Foundry and Automation Team, Wroclaw University of Technology, ul. Łukasiewicza 5, 50-371 Wrocław, Poland 
*Contact: kazimierz.granat@pwr.wroc.pl 
 
Received 11.04.2011; Approved for print on: 26.04.2011 
Abstract 
The paper continues dealing with the issues of influence of microwave hardening on mechanical properties of waterglass-based moulding 
sands. This second part of the research includes examining moulding sands containing 1.5, 2.5 and 3.5% of hydrated sodium silicate grade 
150. Standardised, microwave-hardened cylindrical specimens for mechanical testing were held at temperatures from 100 to 1200 °C for 
30 minutes, cooled-down to ambient temperature and then their residual strength was determined. An attempt was made to explain the 
effect of microwave hardening on strength of moulding sands as a function of baking temperature, supported by SEM observations of the 
baked sandmixes. On the grounds of these observations, destruction nature of linking bridges was identified. It was found that the applied 
microwave hardening is beneficial by reducing residual strength of waterglass-containing moulding sands and thus improving their knock-
out properties. 
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1. Introduction 
 
In the first part of the presented paper [1], three ranges of 
residual strength RBc
B
tk related to linking bridges left after 
microwave hardening of the binder were distinguished. The 
observed changes of strength occurred after baking at 
temperatures within 100 to 1200 °C. Within the first range of 
baking temperatures between 100 and 400 °C, applied for all the 
examined binders, a drop of moulding sand strength was 
observed, down to the minimum values RBc
B
tk of ca. 0.5 MPa. In 
this range, strength changed in similar way, irrespective of the 
used binder and its content in the moulding sand, ranging from 
1.5 to 2.5 %. Analysis of the previous results indicates that 
microwave hardening is more advantageous from the viewpoint of 
knock-out properties of moulds and cores than chemical 
hardening. 
Within the second range of baking temperatures between 400 
and 750 °C, residual strength of the examined moulding sands 
stays practically constant at the level not exceeding 0.5  MPa, 
regardless of kind of the applied binder and its quantity   
(1.5 or 2.5 %). Within this temperature range, the microwave-
hardened moulding sands demonstrate better knock-out properties 
in comparison to those hardened chemically. 
Within the third range of baking temperatures between 750 and 
1200 °C, observed is clear influence of waterglass content and its 
molar modulus on residual strength of the moulding sand. 
Analysis of the examination results indicates an increase of the 
strength RBc
B
tk along with decrease of the waterglass modulus from 
2.9 to 2.0. The knock-out property as determined by residual 
strength of microwave-hardened moulding sands containing no 
more than 2.5 % of the binder after baking at 400 to 1200 °C is 
satisfactory or even very good. 
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waterglass-based moulding sands hardened in the floster 
technology and in the COB2
B process after baking at 700 to 950 °C 
reaches 3 to 5 MPa. This strength is much higher than that 
measured after microwave hardening and can be unfavourable to 
knock-out properties of moulds and cores. This implies that 
application of waterglass-based moulding sands undergoing 
binder dehydration permits reducing high residual strength RBc
B
tk 
[5,6]. 
It was demonstrated in [7] that quantity of the used-up binder 
can be significantly reduced with maintained favourable 
properties of moulding sands. In [8], a statistical analysis was 
performed for sandmixes containing various grades of sodium 
waterglass, hardened with microwaves and by traditional drying, 
see Fig. 1. Results obtained for the three moulding sands 
examined within this research, containing binder grades 145, 149 
and 150, indicate a possibility of reaching better mechanical 
properties in comparison to much slower, convective drying 
process. In the case of dielectrically hardened sands, the observed 
values profitably exceeded those determined for the traditionally 
dried sands, especially at very small binder contents of 1.5% and 
2.5%. With increasing binder content (over 3.5%), effectiveness 
of the dehydration process defined as strength increment per 1% 
of the binder was reduced for both convective drying and 
microwave hardening. 
 
 
Fig. 1. Effect of binder content and hardening method  
of moulding sands with waterglass 150 on their tensile strength 
[8] and curves of effectiveness 
 
The planned research was aimed at determining the effect of 
linking bridges left after microwave hardening of moulding sands 
containing waterglass 150 on their strength. Influence of 
temperature on residual strength RBc
B
tk, measured on standard 
cylindrical specimens, was determined for the sands containing 
1.5, 2.5 and 3.5% of the binder. The specimens were baked in a 
silit oven at 100 to 1200 °C, simulating the heat action similar  
to that occurring at pouring and cooling moulds and cores. The 
exposure time of 30 minutes ensured heating the entire specimen 
volume. After cooling-down to ambient temperature, the baked 
cylindrical specimens were subject to a compression test. The 
obtained compressive strength was intended to determine knock- 
-out properties of the moulding sand. Especially interesting, from 
the viewpoint of applying the innovative microwave hardening in 
foundry industry, are changes in residual strength of the used 
waterglass moulding sands. Determining these relationships and 
identifying destruction nature of the linking bridges should deliver 
significant information about, among others, possible reclamation 
of used moulding sand. 
 
2. Preparation of moulding sands 
 
The moulding sands were prepared according to the pattern 
described in Part 1 [1]. Standard high-silica sand from the 
Nowogród Bobrzański mine with main fraction 0.40/0.32/0.20 
was mixed with commercial non-modified sodium waterglass 
grade 150 made by Chemical Works “Rudniki” SA. Specification 
and properties of this inorganic binder are given in [1]. 
Standard cylindrical specimens for compression tests were 
formed on a laboratory ram and hardened in a microwave 900 W 
oven. After 240 seconds of heating, the specimens reached ca. 
100 °C. 
Next, after cooling-down to ambient temperature, the 
specimens were inserted to the oven chamber. After baking at a 
strictly determined temperature for 30 minutes, they were taken-
out and cooled-down to ambient temperature in free air. 
Compressive strength was determined on a specialised LRuE-2e 
tester. Of the broken specimens, material was taken for 
observations on a scanning microscope to determine the nature of 
mechanical destruction of linking bridges. Before SEM 
observations, the samples of used-up moulding sand were spray-
deposited with carbon. 
 
3. Results of mechanical testing 
 
Results of the performed examinations are settled in Figs. 2 
and 3. In Figure 3, exactness of determining the relation between 
the baking temperature and the parameter RBc
B
tk in the characteristic 
temperature range from 600 to 1200 °C is increased by 
condensing the measuring points (every 50 °C). This range is 
especially important because the hardened silicate glaze melts 
within it and flows on the surface of the high-silica matrix grains. 
This phenomenon is of particular importance in foundry industry, 
among others with respect to minimising risk of surface defects of 
castings. The changes occurring on the grain surfaces are 
described below, in the paragraph concerning analysis of SEM 
images. 
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Fig. 2. Effect of baking temperature on residual strength of moulding sand tested at ambient temperature,  
containing 1.5, 2.5 and 3.5% of waterglass grade 150 after dielectric drying 
 
 
Fig. 3. Relationship of Fig. 2 with measuring points condensed within 600 to 1200 °C 
 
 
4. Discussion of the results 
 
In the relationships between RBc
B
tk and the baking temperature, 
shown in Figs. 2 and 3, five characteristic temperatures could   
be distinguished, related to the three quality ranges of linking 
bridges, described in Part 1 of this article. Introducing 3.5 % of 
the binder changed the strength in the first and third ranges.   
As was expected, additional quantity of the binder   
(over 1.5 to 2.5%, as recommended for microwave hardening) 
resulted in worse knock-out properties. 
Material samples for SEM examination were taken from 
various areas of the specimens containing 2.5% of waterglass, 
baked at 100, 300, 750, 900 and 1200 °C and then destroyed by 
compression testing. Destruction of the linking bridges was 
analysed on the grounds of observations of fracture surfaces and 
literature data [9–11]. 
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Fig. 4. Droplet-like arrangement of binder forming linking bridges in moulding sands  
baked at 100 °C (a) and 300 °C (b) 
 
a) b) 
 
Fig. 5. Moulding sand baked at 750 °C: linking bridges after mechanical testing (a)  
and a single bridge with typical cohesive destruction of hardened binder (b) 
 
a) b) 
 
Fig. 6. Moulding sand baked at 900 °C: fracture surface of a linking bridge (a) and silicate glaze forming linking bridges,  
loosened at its footing (adhesive destruction) (b) 
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Fig. 7. Linking bridge in the moulding sand baked at 1200 °C: uncovered fracture surface of a grain and a silicate glaze layer (a)  
and crack in a grain outside the linking bridge area (b)
 
In the first (100 to 400 °C) and the second (400 to 750 °C) 
temperature ranges, droplet-like arrangement of the binder 
forming linking bridges between matrix grains was observed, see 
Figs. 4a, 4b, 5a and 5b [9]. The observed destruction type of the 
links between high-silica grains, created during stirring and 
microwave hardening, was of cohesive nature, see Figs. 4b, 5a 
and 5b. So, the adhesion forces between the binder and the grain 
surfaces exceed the cohesion forces in the layer of vitreous 
sodium silicate that forms linking bridges after microwave 
hardening. Such nature of breaking the bridges in the compression 
test explains the very small values of RBc
B
tk at the temperatures 
below 800 °C, see Figs. 2 and 3. Remainders of the linking 
bridges in mechanically destroyed specimens are left on the grain 
surfaces with visible internal, porous structure, as indicated with 
arrows in Fig. 5a. 
At temperatures over 750 °C, residual strength of the moulding 
sand containing 2.5 % of binder increased reaching its maximum 
value of ca. 1.8 MPa at 900 °C. Surface of the matrix grains 
together with the linking bridges in the moulding sand baked   
at this temperature is shown in Figs. 6a and 6b. The observed rise 
of strength can be attributed to the change of the destruction 
nature from typically cohesive to adhesive. This confirms the fact 
that fraction of the latter destruction type increases with 
temperature. The so destroyed bridges are shown in Fig. 6a, 
where characteristic shape of the bridges with their bases 
loosened from the grain surface can be also observed. Figure 6b 
shows an example of incomplete adhesion of a linking bridge   
to the matrix surface. A similar destruction was also observed on 
surfaces of the specimens taken from other places of the matrix. 
When the baking temperature increases over 900 °C, strength of 
the moulding sand decreases again. However, it cannot be stated 
explicitly that it is exclusively caused by weakening the structure 
of the linking bridges. The observed mechanical destruction of the 
moulding sand baked at 900 to 1200 °C occurs also as a result of 
lost continuity between the matrix grains, see Figs. 7a and 7b. 
Smoothed surface of the matrix grains, observed already   
at 900 °C, indicates partial melting of external surface of the 
hardened silicate glaze and the beginning of its flowing over the 
high-silica grains. The phenomenon of partial melting of the 
hardened binder occurs also at lower temperatures. The phase 
diagram of the binary system NaB2
BO–SiOB2
B presented in [12] shows 
the beginning of the phase transformation occurring at the solidus 
temperature 875 °C for sodium waterglass grades with their 
modules close to 2.0. However, analysis of chemical composition 
of the hardened binder [13] indicates the presence of other 
elements in the silicate glaze, like K, Al and Fe. By forming 
chemical compounds, e.g. oxides KB2
BO or AlB2
BOB3
B, these elements 
can to some extent displace the phase transformation temperature 
of the hardened binder. The following causes of the phenomenon 
of breaking the matrix grains (see Fig. 7) can be mentioned: high 
overheating of the matrix, polymorphous transformations of 
quartz and rapid air-cooling of the specimens taken-out from the 
oven. Increase of the index of matrix shape WBk
B can lead to 
worsening the casting surface quality in the case of repeated use 
of a reclaimed moulding sand. Linking structure of the moulding 
sand matrix, observed at the highest baking temperature of 
1200  °C, does not show any features of a typical adhesive   
or cohesive destruction. 
 
5. Summary 
 
Analysis of the examination results of waterglass-based 
moulding sands, presented in this paper and published in the 
literature, indicates that the most important for the knocking-out 
process is quantity of the applied binder and the hardening 
method. 
The presented here innovative microwave hardening that 
permits obtaining much lower strength of the used-up moulding 
sand, which is often more profitable from the viewpoint of knock-
out properties, offers a possibility of extending the application 
scope of this ecological binder. 
Observations of structure of the linking bridges indicates that 
knock-out properties of these moulding sands depend on the 
nature of destruction of the bridges. Strength of droplet-like 
arranged silicate glaze changes with temperature of the moulding 
sand layers, dependent on heat supply from the cooling-down 
casting. The typically adhesive nature of mechanical destruction 
of the linking bridges observed within 100 to 750 °C, changes  
to adhesive nature at the temperatures over 750 °C. After baking 
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is the phenomenon of partial melting of the silicate glaze and its 
spreading on the surface of the matrix grains. According to the 
binary system NaB2
BO–SiOB2
B, this phenomenon is related to the 
occurrence of phase transformations starting at the relatively low 
temperature ca. 900 °C. 
The research on improving knock-out properties of used-up 
moulding sands containing not more than 2.5% of waterglass, 
hardened with microwaves, will be complemented with SEM 
observations and continued for other binder grades. The planned 
research will be focused on identification and description of the 
phenomena occurring in the waterglass-based moulding sands 
hardened with microwaves and baked at various temperatures, 
and will serve to selecting and developing a proper way of their 
reclamation. 
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